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Abstract 
In winter, the air conditioning system of cold climate zones requires more heat. For ground source heat pump system , however, 
heating capacity is lower than the summer cooling capacity . This paper shows a design of a complex building’s ground source 
heat pump air conditioning system, through testing the water temperatures and flows of the ground source side and load side, 
measurementing the power consumptions of heat pump unit and water pump in winter, analyzes the COP of unit and system and 
the influence factors of heat transfer. The results show that efficiency is lower when the heat pump unit operate at lower load, the 
effect of ground-source-side flow change to unit’s heating capacity and COPr is greater than load-side flow change.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CCHVAC 2015. 
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1 . Introduction 
Ground source heat pump(GSHP) is a form of energy conservation and environmental protection of energy 
utilizat ion, it  belongs to the renewable energy utilization technology, it can be used for cooling in summer, heating in  
winter, and preparing domestic hot water(DHW), it has attracted much attention and been used more and more 
widely.But the overall level of the GSHP industry has yet to be improved, including the system design, construction 
installation, equipment manufacture and operation management etc..Nowadays, many projects often have the 
problems of valuing construction and devaluing operation, resulting in many projects operate at a low level even 
abandoned after using. 
In the northern regions, for most of the GSHP exchanger systemsˈ the operating condition in summer is 
satisfactory, but the operating condition in winter is poor and the energy consumption of the system is heavy. 
Furthermore some can't run at all in winter.  
  Published by Elsevier Lt . This i  an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
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The text ing of the running situation of GSHP system is an important means to understand the operation and 
energy consumption situation of GSHP system.So far, some scholars make numerical simulations of the operation 
performance of GSHP system, some scholars adopt experimental methods to research the long -term performance of 
the GSHP.Overall, study is not much, particularly less on the operation status of part load system.In this paper,we 
have measured and analysed the operation conditions of a GSHP system in winter.  
2. Project Overview 
The complex building  covers a construction area of 16500 square meters, with 16 floors on the build ing, layer 1-9 
for office, 10-16 for the hotel. The building height is 66.7 meters.The office area is about 9500 square meters; the 
hotel area is about 7000 square meters   for accommodation, catering, conference function etc..This pro ject requires 
cooling in summer, heating in winter and supplying domestic hot water(DHW) throughout the year. The summer air-
conditioning cooling load is 1440kW, winter air-conditioning heating load is 1520kW and DHW heating load is 235kW. 
The north side of the building is an open parking lot and the east side is green land. The two parts are without 
underground structures, covering about 5000 square meters. On the west side are distributing room, pump room, pool,  
air conditioning cold and heat source equipment room, etc..  
The subsurface geological conditions of the build ing and its nearby location are as fo llows: 1-24 meters, loess; 24-
72 meters, sand; 72-78 meters, pebbles; 78-102 meters, sand; 102-122 meters, sticky mud. The main geological 
structure in this region is sand or mud. 
The project is located in the southwest of Shandong, where flat terrain, soil deep, alluvial plain of the Yellow 
River, co ld zones climate, four distinct seasons and rain and heat at the same period. 
There is no central heating, no utilization of residual heat and waste heat. Groundwater recharge is difficu lt, but 
drilling is easily. Indoor air conditioning systems are using fan  coil unit plus fresh air system and all air system. air -
conditioning cold and heat water and DHW are prepared from the GSHP unit. 
3. System Scheme 
3.1 Ground thermal response test 
Before the design, the north and east side of the building are drilled one test borehole separately. The borehole 
diameter is 150mm and its depth is 122m. It  is inserted a double U De25PE pipe. Then the borehole is backfilled  and 
sealed.Underground ground thermal response test is carried out by ground thermal physical tester, and analyzed by 
professional software, the test results of two test holes are similar, the average values are: the initial temperature of 
15.6ć , the coefficient of thermal conductivity of 1.328 W/m·ć , volume specific heat capacity of 1.896×106 J/ 
m3·ć.According as the lowest temperature of the source side circulating water in winter is 4ć, we calculate the 
highest temperature in summer is 32ć, buried pipes per meter hole depth in winter can extract heat from the 
underground for 34 to 38W/m and per meter hole depth release heat to the underground for 60 to 64 W/m in summer. 
3.2 Buried pipe project 
The project air-conditioning cooling load in  summer is 1440kW. According as the COPL of heat pump 
refrigeration condition  in  summer is 5.0, then calculate buried p ipes need release 1728kW  heat to underground.If 
buried pipes per meter hole depth release heat to the underground is 62W, the total length of the borehole needed is 
2787m in summer. 
The project heat load in winter is 1755kW. According as the COPr of heat pump refrigeration condition in winter 
is 4.0, then calculate buried pipe need absorb 1728kW heat from underground.If buried pipes per meter hole depth 
absorb heat from the underground is 36W, the total length of the borehole needed is 36556m in winter.  
Based on the above analysis, the number of buried p ipes should be designed according to the winter condition. 
According to 100 meters depth of buried pipe, it needs about 366 boreholes. According to 120 meters depth of 
buried pipe, it needs about 305 boreholes.The ground area can be used to drill and bury  pipes of this project  is only  
5000 square meters, if it arrange 366 holes, the spacing is only 3.7m.If considering the effect of certain structures 
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and other existing pipelines, spacing between some holes may be smaller, this is not conducive to the underground 
energy storage and buried pipe absorbing and releasing heat.If decorate 305 holes, spacing can be more than 4m.Due 
to the geological composition of 102-122 meters is slime, drilling is easy. By comparison, Ultimately, we determine 
the drilling depth of 122m, the  buried pipe depth of 120m, drilling number of 310, spacing 4x4m and outdoor 
buried surface area of 4960 square meters. 
From heat pump room to the nearest borehole, the distance is 20m.And to the furthest borehole, it is 
160m.Considering the large difference of the horizontal nozzle length of the outdoor ground heat exchangers, in 
order to facilitate adjustment and run, the outdoor pipes are divided into three zones, each zone set up a set of 
secondary distributor and collector, and then connected with first -degree distributor and collector in the heat pump 
room.Vert ical double U ground heat exchanger uses two thirteen -pass connections (supply and return water each) 
for every six holes and De63 headers are connected to secondary distributor and collector resp ectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Heat and cold source design 
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Fig1. System flow chart 
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There are three GSHP un its in the machine room. Two sets are air -conditioning cold and hot water units(cooling 
capacity 749KW , heating capacity 808KW, one of which is heat recovery unit, marked as 2# unit, another unit 
without heat recovery labeled 1#), the other set is the DHW heat pump unit(marked as 3# unit).Two air -conditioning 
heat pump units are respectively configured three circulation pumps both the load side and the so urce side (all two  
with a preparation).The DHW heat pump unit is respectively configured one circu lation pumps both the load side 
and the source side (all one with a preparation) and one heat exchanger.In addition, configured a first -degree 
distributor and collector on the source side. a first-degree distributor and collector on the load side, a water softening 
device, a soft water tank, a constant pressure water supply device of air conditioning load side and a high constant 
pressure water supply device of ground source side. System flow chart as shown in Figure 1.  
3.4 The unit operation scheme 
In summer, when the system cooling load is large, both 1# and 2# units refrigerate, at the same time, 2# unit 
provides DHW for the hotel; when the system cooling load is small, only open the 2# unit, providing chilled water 
for air conditioning system and the DHW for the hotel. When the heat recovery unit refrigerating capacity is small 
and causes the amount of heat recovery is small, so that it  can not meet the demand of hotel DHW, open the 3# unit  
for providing DHW. 
In winter, when the system thermal load is large, 1# and 2# units heat simultaneously; when the system thermal 
load is small, open one air-condit ioning cold and hot water unit (#1 or #2). 3# unit prov ides Hotel DHW in  winter. 
In transition season, air-conditioning cold and hot water unit stops running, the hotel DHW is prepared from 3#  
unit. 
4. Operation Test 
Table 1. Testing data of GSHP system’s heating operation in winter 
Item 
Constant Flow Test Data 
Variable Flow Test Data 
Variable Flow by tempering valve 
Variable 
Flow by 
bypass 
1st 
day  
2nd 
day  
3rd 
day  
4th 
day  
Load side variable f low 
˄source side constant˅  
Source side variable 
f low 
˄load side 
constant  ˅
Source 
and load 
side 
variable 
f low 
water 
temper-
ature 
(ć) 
Load 
side 
  T1 45.7 45.9 46.0 46.0 45.9 45.8 46.0 46.4 45.8 45.9 46.0 46.2 
  T2 42.7 43.2 43.5 43.7 43.9 43.8 43.7 43.8 43.8 43.9 43.9 42.9 
T1 -T2 2.9 2.7 2.5 2.3 2.0 2.0 2.3 2.6 2.0 2.0 2.1 3.3 
Source 
side 
  T4 12.6 12.5 12.6 12.7 — — — — — — — 12.9 
  T3 10.9 11.0 11.2 11.5 — — — — — — — 11.3 
T4 –T3 1.7 1.5 1.4 1.2 — — — — — — — 1.6 
water 
flow   
V1˄m³ˋh  ˅ 149 147 145 145 142 128 104 87.5 138 136 132 81 
V1/139  (%) 107 106 104 104 102 92 75 63 99 98 95 58 
V2˄m³ˋh  ˅ 212 212 211 211 211 158 130 96.6 110 
V2/135 (%) 157 157 156 156 156 117 96 72 81 
Input 
power 
(kW)  
 N1  121 112 102 97.5 85.3 85.3 85.6 80.6 87.0 87.4 87.7 96.2 
N2  18.8 18.7 18.6 18.6 18.5 18.5 17.7 15.7 18.5 18.5 18.3 19.3 
N3  26.9 26.8 26.8 26.9 27.2 26.6 27.2 26.4 29.5 29.7 29.1 30.1 
N˄N1+N2+N3˅ 167 157 147 143 131 130 131 123 135 136 135 146 
Q2 (kW) 418 370 343 294 — — — — — — — 205 
Q2 +N1 (kW) 539 482 445 392 — — — — — — — 301 
Q1 (Kw) 503 462 422 388 331 295 279 264 321 303 236 311 
Q1/Q (%) 62 57 52 48 41 37 35 33 40 38 29 38 
COPr˄Q1/N1  ˅ 4.16 4.13 4.14 3.98 3.87 3.46 3.25 3.29 3.69 3.47 2.69 3.23 
COPsr˄Q1/N˅  3.02 2.94 2.87 2.71 2.53 2.26 2.14 2.16 2.38 2.23 1.75 2.14 
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Notes: Local design calculat ion outdoor temperature of air conditioning is -9ć , the outdoor temperature is -1 to 6ć  
during the test; T1 and T2 are respectively supply water and return water temperature of load side; T3 and T4 are 
respectively supply water and return water temperature o f source side;˗V1 and V2 are respectively volume flow of 
the load side and the source side; N1 is the input power of heat pump unit˗N2 and N3 are respectively the circulating 
pump input power of the load side and the source side˗Q1  is the unit Heating load; Q2  is buried p ipe extract ing 
heat; Q is the unit heating capacity. 
4.1 Test method and content 
Part of the hotel of the project began trial operation in  November 28, 2011, putting into using an area of about 
5000 square meters and operating 1# air-condit ioning heat pump unit  with the corresponding circulat ing pump of 
load side, a  circulating pump of source side and related equipments.From February  14,2012 to  February 18,2012, 
the winter operating conditions of the heat pump system were tested, opening air conditioning terminal of 3 to 5 
layers and 10 to 16 layers when test. The total construction area is about 10000 square meters, the host and the 
terminal of non-stop operating continuously.The staffs live real-t ime collect and measure inlet and outlet water 
temperature and flow rate of the ground source side and load side, power consumption of heat  pump unit and water 
pump, indoor temperature, outdoor temperature and other parameters.  
Measuring instruments used are contact thermometer, ult rasonic flowmeter and power analyzer.  
The test data are listed in Table 1.  
4.2 Data analysis 
The system started debugging and running since November 28, when the source side supply and return water 
temperatures are 13.9ć and 11.7ć .To February 18 of next  year, after continuously operating 80 days, the source 
side supply and return water temperatures are 12.7ć and 11.5ć . It demonstrates underground soil temperature is 
higher and the underground temperature drops slowly.  One reason is the heating load is smaller, ext racting less heat 
from underground; another reason is the underground heat transfer is better. 
It is seen from table 1, unit heat supply volume Q1 is approximately equal to the buried pipe extracting heat Q2  
and unit power consumption N1, the error is small. The reason of the error is measurement error and heat loss. 
There are only one air-conditioning heat pump unit and its corresponding two circulat ing pumps (load side, ground-
source side of each one) running when text. When heating on the design condition of heat pump units, condenser 
inlet and outlet water temperature of 40/45ć , flow rate of 139m³/h, pressure drop of 44kPa;  evaporator inlet  and 
outlet water temperature of 10/6ć , flow rate of 135m³/h, pressure drop of 67.6kPa.When cooling on the design 
condition of units, evaporator inlet and outlet water temperature of 12/7ć, flow rate of 129m³/h, pressure drop of 
61.9kPa; condenser inlet and outlet water temperature of 25/30ć , flow rate of 152m³/h, pressure drop of 
55.6kPa.The circulat ion pump of load side installed in the engine room models KQL125/160 -22/2, the circulat ion 
pump of ground-source side models KQL150/315-30/4. 
The load side flow measured value is 145m³/h, accounting for 104% of condenser design flow when units heating 
and 52% of the system running flow at full capacity.Based on the characteristic curve of the load-side circulat ion 
pump, when flow rate is 145m³/h, the corresponding head is 33m.It shows the system resistance is close to 33m 
when a load-side circulating pump running at air-conditioning heating condition in winter.When two air-
conditioning heat pump units and the corresponding circulating pumps are in operation, the load -side water flow 
will increase and then the system resistance loss increases.If the system resistance reaches 34m, the pump flow is  
120m³/  h, accounting for 86% of the heat pump unit  design flow;  if the system resistance reaches 35m, the pump 
flow is 105m³/ h, accounting for 76% of the heat pump unit design flow; if the system resistance reaches 36m, the 
pump flow is 80m³/h, only accounting for  58% of the heat pump unit design flow.  
The ground-source side flow measured value is 211m³/h, accounting for 156% of evaporator design flow when  
units heat, significantly h igher than the unit  design flow.Based on the characteristic curve of the ground-source side 
circulat ion pump, when flow rate is 211m³/h, the corresponding head is 31.5m.When two air-conditioning heat 
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pump units and the corresponding circulating pumps are in operation, the ground-source side water flow will 
increase and then the system resistance loss increases.If the system resistance reaches 32m, the pump flow is 
200m³/h; if the system resistance reaches 33m, the pump flow is 170m³/h; if the system resistance reaches 33.5m, 
the pump flow is 155m³/h, substantially equal to the evaporator design flow when unit s heat; if the system resistance 
reaches 34m, the pump flow is 140m³/h.  
The load-side circulation pump need overcome the resistance of the condenser in winter and the resistance of the 
evaporator in summer. Similarly, the ground-source side circulat ing pump need overcome the resistance of the 
evaporator in winter and the resistance of the condenser in summer.  In addition, they also need to meet the 
requirement of different flow in winter and summer. Therefore, it should be considered the most unfavorable 
conditions when choice the circulat ion pump. 
During the constant flow test, with outdoor temperature ris ing and the air-conditioning room temperature 
increasing, system heating load is decreasing, the unit's heating capacity falls from 62% down to 48%, the change of 
unit COPr is small (about 4.0), but there is a slow decline of system COPsr. When the heating capacity reduces per 
1%, the COPsr approximately reduces 0.5%. 
When the evaporator flow essentially  stable and the condenser flow falling  from 102% down to 63% reducing  
39%, the unit heating capacity drops from 41% to 33% reducing 8%, unit COPr reduces about 15% and the system 
COPsr reduces about 15%. That means when the condenser flow reduces per 1%, the unit heating capacity reduces 
0.21%, both unit COPr and system COPsr decreases 0.4%. 
When the unit condenser flow essentially unchanged and the evaporator flow falling from 117% down to 72% 
reducing 45%, the unit heating capacity drops from 40% to 29% reducing 11%, unit COPr reduces about 27% and 
the system COPsr reduces about 27%. That means when the evaporator flow reduces per 1%, the unit  heating 
capacity reduces 0.24%, both unit COPr and system COPsr decreases 0.6%. 
Before the test, the valve of Unit  2 is not closed, a port ion of the water connect the condenser through the 
evaporator of Unit 2. That leads to the flow reduction of Unit 1. The evaporator flow is 81% of the design flow and 
the condenser flow is 58% of the design flow. In this case, the unit heating capacity is 38% of the rated heating 
capacity, unit COPr is 3.23 and system COPsr is 2.14. 
5. Conclusions 
When unit heating capacity is above 50%, the COPr value is stable, slightly larger than 4.0, It  ind icates that COPr 
valued 4.0 is reasonable when we design and calculate the number of buried pipes. 
 
The effect of the change of the evaporator flow (ground-source-side flow) to unit heating capacity and COPr is 
greater than the effect of the change of the condenser flow (load-side flow) to unit. Recommend variable load-side 
flow should be the priority when use variable water flow system. 
 
When the unit operates at low load, the COP is low, system COPsr is lower. It suggests that research and develop 
new units which allow the system water flow is s mall but still can  be efficient and  stable when operating at  the low 
load. 
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